Background: It has been recommended that all survivors of out-of-hospital cardiac arrest (OHCA) have immediate coronary angiography (CAG), even though it has been reported that half of the survivors have normal coronary arteries. Our aim was to develop a model which might identify those who have angiographically normal coronary arteries. Reliable prediction would reduce unnecessary CAG. Methods: A retrospective, observational, cohort study was conducted on 47 consecutive adult survivors who received immediate CAG after resuscitation from OHCA, between June 1, 2006 and March 31, 2011. We analyzed the clinical and electrocardiographic characteristics of the survivors with and without normal coronary arteries. Results: All subjects had CAG. Normal coronary arteries were found in 25/47. These persons did not have diabetes mellitus (p = 0.0069) or a history of acute coronary syndrome (ACS) (p = 0.0069). Any abnormality of the ST segment or ST segment elevation on electrocardiogram (ECG) was strongly related to abnormal coronary arteries (p = 0.0045 and p = 0.0200, respectively). The partitioning model for predicting angiographically normal coronary arteries showed that all patients (8/8) with no ST segment change on their ECG had normal coronary arteries. Eight out of ten patients with ST segment abnormalities also had normal coronary arteries with a history of arrhythmia without a history of ACS. Conclusions: Survivors of OHCA who have no history of diabetes mellitus, who have no past history of ACS, and who present with no ST segment abnormalities may not require urgent/emergent CAG. Further studies are needed to guide clinicians in the determination of emergent cardiac catheterization following resuscitation of OHCA.
Background
The most common causes of cardiac arrest are cardiovascular disease and coronary ischemia [1, 2] . The American Heart Association (AHA)'s Advanced Cardiovascular Life Support (ACLS) guidelines recommend that a 12-lead electrocardiogram (ECG) should be obtained as soon as possible after resuscitation from cardiac arrest, to find potentially treatable acute coronary syndrome (ACS). ST elevation, new (or presumably new) left bundle branch block suggests that cardiac arrest was due to ACS [3] . However, cardiac catheterization is commonly performed on all survivors of out-of-hospital cardiac arrest (OHCA) even in the absence of ST elevation [1, 4, 5] . Since chest pain and ST segment elevation have been shown to be poor predictors of ACS, immediate coronary angiography (CAG) has been recommended even in the absence of ST segment elevation because of the high incidence of ACS among the survivors [1, 4] . Additionally, comatose cardiac arrest patients cannot give a history. Since their postresuscitation ECG findings and history are unreliable, Neumar et al. recommended that all comatose cardiac arrest survivors should have CAG and percutaneous coronary intervention (PCI) [6] . Therefore, CAG is commonly performed if patients seem to have a chance of a neurologically favorable outcome. Among patients with OHCA admitted to intensive care for hypothermia, Nielsen et al. reported that half of the patients had CAG and one-third had PCI [7] . Yet, the Spaulding study suggests that half of the patients who received CAG might not have needed it [1] .
CAG is invasive and expensive and carries a certain morbidity and mortality. Both CAG and the contrast agents are potentially harmful. Survivors of OHCA may be unstable. Delayed invasive procedures may be safer. Therefore, it is important to identify which OHCA patients have angiographically normal coronary arteries and for whom delay in CAG is safe.
Methods

Ethics statement
The study protocol was reviewed and approved by the ethics committee of Mito Kyodo General Hospital, University of Tsukuba Hospital Mito Medical Center. The ethics committee at our institution does not require its approval for observational studies using anonymous data in existence such as this study. Also, informed consent from each patient was waived for using anonymous data according to the informed consent guidelines in Japan.
A retrospective, observational, cohort study was conducted on consecutive adult patients (age ≥18 years) who were survivors of OHCA and who received immediate CAG. These patients all presented to the emergency department (ED) of an urban teaching hospital in Japan, between June 1, 2006 and March 31, 2011. The ED of St Luke's International Hospital, Tokyo, provides primary to tertiary care to a population of approximately 100,000. The management of OHCA involves the Tokyo Fire Department (TFD) and the EDs of other hospitals in Tokyo. Typically, the closest emergency medical technicians (EMTs) are dispatched to the scene. Cardiopulmonary resuscitation (CPR) is initiated by EMTs at arrival and continued according to the AHA standards. A 12-lead ECG is performed in the ED immediately after return of spontaneous circulation (ROSC).
ROSC patients were brought directly from the ED to the cardiac catheterization laboratory. CAG was performed according to a standard technique. Experienced cardiologists made the decision to proceed to angioplasty only for critical lesions. Standard resuscitation and stabilization were used during and after the procedure.
Data collection
The data were retrospectively obtained from computerized medical records and collected in the Utstein style.
Variables included age, gender, height, weight, risk factors of ACS including hypertension (HT), hyperlipidemia (HL), diabetes mellitus (DM), history of ACS, PCI, coronary artery bypass graft (CABG), heart failure, arrhythmia, chest pain before arrest, witnessed collapsed patient, bystander initiated CPR, ventricular tachycardia/ventricular fibrillation (VT/VF) on EMT arrival, estimated time of initiation of CPR, and estimated time of cardiac arrest (interval until ROSC). The primary outcomes were the CAG findings, (including normal coronary artery or not). Secondary outcomes included PCI results intra-aortic balloon pumping (IABP), venoarterial-extracorporeal membrane oxygenation (VA-ECMO), and therapeutic mild hypothermia. Normal coronary arteries were defined as 'no stenosis of any coronary arteries' by experienced cardiologists' reading.
Patients' prognoses 1 month after admission were categorized by the Glasgow-Pittsburgh cerebral performance category (GP-CPC) scale, from category 1 (good cerebral performance), category 2 (moderate cerebral disability), category 3 (severe cerebral disability), category 4 (coma or vegetative state), to category 5 (death). We also obtained data on survival 1 month after resuscitation.
All ECG were recorded just after ROSC at the ED. ECGs were interpreted by two experienced cardiologists who were unaware of the patients' angiographic status. Disagreement between the two experienced cardiologists was arbitrated by an independent third party. ECG findings recorded included the following: heart rate (HR), axis deviation, atrial fibrillation (AF) or atrial flutter (AFL), junctional rhythm, presence or absence of P wave, abnormal shape of P wave, abnormal PQ interval, prolonged PQ interval, any abnormal QRS shape, wide QRS, right bundle branch block (RBBB), left bundle branch block (LBBB) including left anterior hemiblock (LAH) or left posterior hemiblock (LPH), any bundle branch block (BBB), bifascicular block, presence or absence of Q wave, any abnormal ST segment change, ST segment elevation, ST segment depression without reciprocal change, any ST segment depression, prolonged QT interval, presence or absence of inverted T wave (negative T wave, coronary T wave, or flat T wave), and abnormal U wave. Abnormal ST depression is defined as ST depression of >1 mm (0.1 mV) measured at 80 ms after the J point in at least two contiguous leads. Abnormal ST elevation is defined as ST elevation at the J point in at least two contiguous leads of >2 mm (0.2 mV) in men or >1.5 mm (0.15 mV) in women in leads V2-V3 and/or of >1 mm (0.1 mV) in other contiguous chest leads or the limb leads. They were also asked to comment on whether patients might have ACS based on the ECG findings.
Selection of participants
During the study period, there were 1390 patients with OHCA, of whom 472 patients (34 %) were admitted to our hospital. Angiography was performed on 49 patients. Criteria for CAG were as follows: probable favorable neurological outcome and no obvious non-cardiac causes for the arrest, such as hyperkalemia, intoxication, or trauma. Two CAG patients were excluded because of missing ECG data, leaving 47 patient cases analyzed. The reason why we decided the patient would have probable favorable neurological outcome was that most participants had witnessed cardiac arrest or collapse, bystander initiated CPR, and a relatively short duration prior to ROSC.
Statistical analysis
The primary outcome was 'normal coronary arteries' according to CAG evaluation. Predictor variables were assessed by univariate analysis with Fisher's exact test for categorical variables and t test for continuous variables. A two-tailed p value of less than 0.05 was considered statistically significant. We also analyzed the inter-rater reliability of the cardiologist's assessment of ECGs using the kappa coefficient. Based on univariate analysis, these five variables were chosen as the predictor (independent) variables: age, history of ACS, history of arrhythmia, history of DM, or any abnormal ST segment change on the ECG. All patients 50 years old and younger had normal coronary arteries. Although age was one of the strongest predictors of normal coronaries, it is difficult to generalize this predictor to other populations because Japanese under 50 are at relatively low risk of ACS compared with people in other countries, so it was not used as a generalizable variable.
A multiple logistic regression model could not identify significant factors of the ECG findings because all patients with no abnormal ST change on ECG had cardiac arrest with normal coronary arteries. Thus, a recursive partitioning model was fit by analyzing the relationship between cardiac arrest with normal coronary arteries and the chosen four predictors. The recursive partitioning was conducted by maximizing the entropy index. Validation is the process of using 90 % of this data set to estimate model parameters and using the 10 % part to assess the predictive ability of the model using k-fold crossvalidation. Sensitivity analysis of the model was performed using the area under the curve (AUC). Inter-rater reliability was analyzed by STATA version 11.2 (StataCorp, Texas). The other analyses were performed with JMP version 9.0.3 (SAS Institute, Cary, NC).
Results
The main clinical and preadmission characteristics of the 47 patients are shown in Table 1 . The mean age was 55.4 ± 15.9. The males were 42/47 (89.4 %). Thirty-seven out of forty-seven (78.7 %) patients had witnessed collapsed. Thirty-three out of forty-seven (70.2 %) patients received bystander CPR. Forty-four out of forty-seven (93.6 %) patients had VT/VF recognized on EMTs arrival. The median interval to ROSC was 15 min (Q1-Q3 10-22 min).
According to CAG, 25/47 (53 %) patients had normal coronary arteries and 22 (47 %) patients had abnormal coronary arteries. In the 22 patients with abnormal coronary arteries, 19 patients underwent PCI. Three patients did not receive PCI. One patient had 50 % stenosis of segment # 11 coronary artery, and one patient had 75 % stenosis of # 3 coronary artery. However, the stenoses of their coronary arteries were rapidly dilated by administering isosorbide dinitrate. One patient had known 100 % stenosis of # 7 coronary artery, with akinesis of the apex by left ventriculogram (LVG), which was not amenable to stenting. Nine out of forty-seven (19 %) patients received IABP, and two out of forty-seven (4 %) patients received VA-ECMO. Forty out of forty-seven (85 %) patients underwent therapeutic mild hypothermia.
All patients had survived 1 month after admission. At that time, the neurologic status of 45/47 (96 %) patients was GP-CPC 1, one patient was GP-CPC 2, and one was GP-CPC 3. There was no patient with GP-CPC 4 or 5 ( Table 2) . Table 3 shows the univariate analysis of the patients' demographics and ECG findings compared with the The partitioning model for predicting angiographically normal coronary arteries (Fig. 1) showed that all patients (8/8) with no ST segment change on their ECG at the ED had normal coronary arteries. Also, 8/10 (80 %) patients had normal coronary arteries if they had no history of ACS and when they had history of arrhythmia even if some ST segment changes were shown on their ECGs. Those were the low-risk group with OHCA caused by ACS, which indicates they had normal coronary arteries. On the other hand, all patients (6/6) had abnormal coronary arteries when any ST segment changes were shown on their ECGs and they had a past history of ACS. When patients had any abnormal ST segment changes on their ECG, no history of ACS, and no history of arrhythmia, 14/23 (61 %) patients had abnormal coronary arteries. Those nodes were the high-risk group of cardiac arrest caused by ACS (abnormal coronary arteries). The AUC of this model was 0.8004.
Discussion
We showed that a simple model may predict normal coronary arteries in OHCA patients. Survivors of OHCA may not need immediate CAG if no ST segment changes are shown on their ECG at ED, or if some ST segment changes are shown when they have no history of ACS but they have a history of arrhythmia.
CAG was used as the gold standard for AMI definition, as immediate CAG was performed after resuscitation in all patients, irrespective of the ECG changes. The proportion of patients with abnormal coronary arteries in our study population was similar to that of the previous study [1] . It is slightly different from that of another study [7] . The reason why proportion of abnormal coronary arteries was slightly different is the definition of normal coronary arteries was slightly different between our study and prior studies. However, it did not become a major issue for our purpose because our definition of normal coronary arteries was most strict.
The mean age was relatively younger compared to the mean age of other Japanese studies of CPR [8, 9] . Our results confirmed that younger age was a predictor for a favorable outcome. One explanation for the preponderance of males in our sample may be that our hospital is in a business area in a big city; however, the gender ratio is similar to other studies [10] .
Although the previous study reported that ST segment elevation or depression were poor predictors of acute coronary artery occlusion [1, 11] , we investigated the relationship between ECG findings and normal coronary arteries instead of abnormal coronary arteries (e.g. ACS) because our aim was to reduce unnecessary CAG for critical patients beyond the current criteria. It is the advantage of our study compared with other studies [1, 2, [10] [11] [12] [13] . The ability of a normal ECG to predict normal arteries is greater than the ability of an abnormal ECG predicting abnormal arteries. ECG change itself demonstrates to predict normal coronary arteries more precisely than abnormal ones in clinical practice because it shows not only ischemia but also secondary results of cardiac arrest or resuscitation procedures [11] . In addition, expert opinions could also more precisely predict normal coronary arteries than abnormal ones in our results. Some studies reported ST segment elevation was strongly related to ACS (as in our results) although a finding of 'no ST segment elevation' did not result in postponing CAG in their study [2, 12, 13] . We also found that any vertical movements of the ST segment of the ECG were related to the status of the coronary arteries, although ST segment elevation was more important than its depression. Sideris et al. said that combined ECG CAG coronary angiography, PCI percutaneous coronary intervention, IABP intra-aortic balloon pumping, VA-ECMO venoarterial-extracorporeal membrane oxygenation, GP-CPC Glasgow Pittsburgh cerebral performance category criteria (either upward or downward movement) might improve the diagnostic value of the ECG. They found a negative predictive value (NPV) of 100 % by using combined ECG criteria [10] . Their study used a design similar to ours but used more complicated criteria. It seems that our model could predict normal coronary arteries better than abnormal ones. Moreover, compared to other studies, our results are similar to actual clinical practice because of the partitioning model [10, 11] . McMullan et al. described the reluctance of interventional cardiologists to routinely perform PCI in such high-risk patients [14] . PCI-related death included death post PCI, and ROSC is publicly reported as a measure of quality [15] .
Some survivors of OHCA are low risk (18/47: 38 % of all patients) and did not need immediate CAG. This does not imply that the group at high risk for Fig. 1 The partitioning model for predicting angiographically normal coronary arteries among survivors from OHCA
